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(54) Abstract Title 

Collision avoidance; air traffic control 

(57) An aircraft carries a GPS receiver which 
determines the aircraft's position in three dimensions. 
This is transmitted to a ground station, which 
determines the aircraft's trajectory and compares the 
aircraft's position and/or trajectory with stored data 
about terrain and building heights, temporary obstacles, 
conflicting air traffic, airways, prohibited airspace, 
danger areas and royal flights. Danger may be displayed 
visually or transmitted to the pilot by text messaging. 

Alternatively the GPS receiver and the transmitter 
may be carried by the pilot. Transmission may use time 
division multiplexing (TDM) and/or frequency agility to 
prevent interference. 
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Fig.1 
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Receiver Cells. 
Quantity assures continuous coverage 
and reduces Airborne TX power. 
Common RX frequency. 
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Transmitter Cells. 
Minimum of three frequencies 
required ensuring continuous 

overlapping coverage. 
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Fig.2 
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COLLATION LAYER 

> Receiver singal strength. 

> Most local transmitter decision. 

> Formal control packet to Ground Based TX/RX. 
Select most appropriate TX or RX for user. 

> Time slice arbitration or channel conflict? 
IF clash THEN signal for arbitration. 

> Collate positions of airborne objects from 
ajoining ACS cells via WAN. 



COMMAND LAYER 

> Airborne transmitter power commands. 

> Airborne transmitter Time Slice Contol. 

> Airborne receiver channel commands. 

> Ground based tranmitter, data routing. 



3D MAPPING LAYER 

> Velocity vector extrapolation. 

1 . Assess collision risk with airborne objects 
Use WAN data for 'distant incoming 1 craft. 

2. Assess colision risk with local terrain or 
features. (Pylons, towers, high ground, etc) 
Local receiver, possible indications. 

3. Assess local airspace proximity. 
Local receiver and/or WAN data. 



PROMULGATION LAYER 

> Identify airborne craft. 

1 . Flag 'conflict of proximity'. 

2. If 'participaating 1 warning or avoiding action. 

3. If 'non participating' warning only. 

4. 'AIRPROX 1 if less than safe passing distance. 
Preparing data packet for recipients. 

Send packets to WAN for distribution to sites. 
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Anti-Collision System 
The present invention relates to an anti-collision system and particularly but not 
exclusively for private aircraft and helicopters. 

Since man has taken to the air deaths have occurred, some caused by impact with other 
aircraft, impact with obstructions such as towers and masts, pylons and their associated 
cables, high ground where forward visibility is limited and the ground itself where an 
incorrectly set manual system (for example an altimeter) has been maladjusted. The radar 
control of aircraft is a labour intensive process and requires all aircraft to participate in 
order to provide adequate cover. Expensive airborne systems have been designed to 
protect larger aircraft from undesirable sudden stops, but these systems fail where the 
object neither reflects a sufficient radar image nor appears on paper maps which may not 
show up ground features such as pylons and the like. 

Air traffic control has attempted to reduce the risk of collision between heavy aircraft by 
channelling them down lanes of fixed dimension with fixed minimum spacing between the 
aircraft in time and space. However as aircraft reduce in size, their speed also reduces and 
the technical fit of the craft also reduces, making them unsuitable for passage in air lanes. 
As the population of light aircraft and their derivatives increases e.g. paragliders, hang 
gliders, micro-lights and many others, the risk of collision between high powered craft and 
craft of lesser power, increase significantly. 

Most light aircraft movements occur between 1000 and 2500 feet above ground level, the 
air space below 1 000 feet is traditionally used for the climbing and descending phases of 
the flight. Many flights occur at altitude to where radar coverage is poor or ineffective, 
typically below 500 feet. Further military training flights occur at heights between 250 and 
500 feet and at velocities which make visual detection of objects likely to impede the flight 
difficult for the pilots of the military aircraft and almost impossible for the pilot of the 



impact with other air traffic. 

A system which performs an anti-collision function generally suitable for air use seen as a 
valuable service. 

^'^-^ground^ngaya.emfops^^ 
"chnology has been reporter, *. for Mample „ ^ ^ ^ ^ ^ 

May 1999 pages 46-48. 

There „ however a great advance in uamg a ground based system ^ ^ ^ ^ 
1» mpu. information -to—*—*^^*^^^ ^ ^ 
exe.ua.on zones etc sinco a ground based ^ ^ ^ rea(% ^ swj% ^ ^ _ 
secure fashion. 

Accordingly themfore «„ ^ ^ „, mMe js ^ ^ ^ ^ ^ 

.5 output a firs, s igra | indicalive of . ^ ^ a ^ ^ ^ ^ ^ ^ ^ 
signal and pmcess the same and output . second signal MeanVe of me position indicated 
by said firs, signal. The present invention provides means whereby ground baaed features 
already i„p„ t ml0 ^ module m ^ ^ jf ^ ^ ^ 

position indicated by said first signal 

balloon, dirigible or tmmamted ctaft and the firs, or second signal is tnmsmtoed using tune 
division multiplexing. 

It is convenient that any transmitter includes arbitration means to include frequency agility. 
Further the receiver module may be ground based and include means for inputting details 
25 selected from at least one of the following 
a) conflicting air traffic, 
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b) fixed obstacle avoidance, 

c) temporary obstacle avoidance, 

d) airways avoidance, 

e) air space avoidance, 

5 f) royal flight avoidance, 

g) danger area promulgation, 

h) ground proximity warnings. 

The a««o Ilisi „ n system of the prKen , jmmjm may include v . ^ ^ ^ 
".edging mems which may „, operaKd aaatm operator m ^ b ^ 

10 The invent wi,l „ow be described, by way of Marion o„.y, wift reference „ a. 
accompanying drawings:- 

Figure 1 shows diagrammatically an airborne system of the invention, 
Figure 2 shows diagrammatically a ground based system of the invention, 
Figure 3 shows control node and 
1 5 Figure 4 shows a wide area network (WAN). 

Figure 1 shows an airborne system in which a satellite (1) in accordance with known 
technology forwards a GPS signal to an aircraft (2). Aircraft comprises a GPS receiver (3) 
which extracts a position, altitude, heading and velocity information via a processing core 
(4). The processing core then calculates inter alia the altitude and ground speed of the 
20 aircraft (2). 

The processing core (4) therefore provides a data packet containing a compressed position, 
an ID, user setups, optionally a transponder code and passes it to the transmitter module 
(TX module) for transmission during a selected time slice. The receiver module (RX 
module) provides the core (4) with data from ground transmitter including arbitration 
25 commands, power management and time slice commands. This may be verified by a 
return of the ID or call sign and a CRC or checksum for a data integrity check. 
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The processing core (4) extracts relevant data f rom this Emission and n»y provide a 
text message winch can specify a threat or passarequest etc. Additionally the aircraft (2) 
is provided with a GPS aerial where one is not already available and a belly mounted aerial 
to communicate with ground base WAN systems. 

5 ^ure2relatestoa g roundbasesystemreceiverandtransmitter. Thus the aircraft (2) 
outputsasecondsignal(5) from processing core(4)to the ground based receiver (6). The 
ground based system comprises a geographically strategic receiver to gather airborne flight 
data. From this data is extracted a signal strength determination (7) in accordance with the 
prior art practices. A local area virtual map of ground proximity protection, additional 
10 local area information regarding other obstructions such as masts, pylons, cables etc 

tertiary or transient information regarding local changes of air space, royal flights, military 
training flights and exercises are added to external data from the wide area network. 
Sources providing additional information on features that can be promulgated instantly (8) 
and compared with information from the signal (5). The wide area network (WAN) w,ll 
1 5 provide a portion of this information. 

The ground based receiver (6) also comprises a control node shown diagrammatically ,n 
Figure 3. This control node comprises a collation layer (10), a command layer (11), a 3D 
mapping layer (12) and a promulgation layer (13). Turning first to the collation layer, the 
ground based system (6) measures the receiver signal strength to allocate the most suitable 
20 local transmitter and subsequently that transmitter selects the most appropriate 

transmitter/receiver for use. If there is a time slice arbitration or channel conflict then 
arbitration is initiated at the same time as indicating the position of airborne objects from 
adjoining ACS cells via WAN. 

The command layer (1 1) comprises an airborne transmitter power command. It also 
25 comprises an airborne transmitter time slice control, airborne receiver channel commands 
and a ground based transmitter for a data routeing function. 
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"* K ™ -** features such as py, 0 „s „• „ 

r yvms > tow ers, high ground etc. 

> Tb. pronation layer (13) Cities airtorne ^ ^ ^ ^ ^ 

wanting is p™^. ^ „ ^ jf ^ a ^ ^ ^ ^ 

~'*«-«*«i|--ifc-* M ,- 4t- , fBh(il , WANfc 
distribution to relevant sites. 

Wi *^-,„^ re4te— ^ onsjn ^ te . ^^^^ to 

dissert ^ ftom ^ fc fc ^ ^ ^ ^ 

Seographicdl, sited a„ d which « pass ^ M ^ ^ to fc reievmt 
sU,,„„ ta t isgeograpfallyclo ^ ttote ^^. chmayterom ^^^ 

differen, receivers due to <ocaI geography. A wide a™ network („ WAN may comprise 
■5 -*.* M-taBlll-m The receiver cells (14) assure continuous 
coverage *-e reducing as far aa iapo^eairi^™,^^^ to a _ 
^Muency.Tlre^^^^^^^^^^^ 

which are required toemure continuous overlapping cverage. The wide area network (9> 
may be updared merely by additional inputs a„d ^ Mz Joca| ^ or 

20 ^^(.^Theaforegomggivesaeriememsofa^macc^rda^eoffte 
presen. invention but the method of consttuction is set out hereunder. 
The airborne system (Figure „ ^ Tjme ^ ^ 

increase the number of simultaneous users, and a single transmitting frequency to reduce 
Ihe need for agility in the airborne system. 
25 The mobi,e fixed frequency transmitter comtnumcares one or more ^ ^ 
receivers (Figure 2). 
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Data from the aircraft is passed using the WAN (Figure 4) to a processing system or 
control node (Figure 3) which: 

• Assesses received signal strength 

• Allocates a receiver and a ground based uplink transmitter. 

5 • Modulates the airborne transmitter power to minimise the radiated footprint and 
increase the overall receiver network sensitivity. 
Data relevant to the particular aircraft is compared with data from geographically close 
aircraft in order to assess collision risk, taking into account the relative velocities and 
headings in all dimensions. 

10 The software can dynamically adjust the equivalent of 'space' required by analysing the 
flight profile. 

Aircraft that change height and heading are given a larger 'space' than aircraft which have 
shown a continuous flight path which would therefore have their 'space' extending in the 
direction of flight proportional to their velocity. 
1 5 Risk assessment is augmented by incorporating local area features and terrain into the 
virtual map contained within each processing system, updated as required for special cases 
such as tower cranes, Royal Flights, and military training. 

Towers, pylons and their cables can be added to provide a 3D 'keep out' zone which can 
include a 250 foot (say) ground proximity level. 
20 The proposed system uses a 5 second timebase, derived from GPS clock information, split 
up into 50 'channels' or time slices of lOOmS each, again accurately controlled from the 
GPS clock. 

The determination of the 5 second timebase is as follows. 

Two craft on a direct head to head course at a closing speed of 240 mph will close on each 
25 other at 352 feet per second. (120 mph is not an uncommon speed for an average, single 
engined light aircraft.) 
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seconds before the event. 

one. reraftforeve ^ 0feotofve ^ s— tfstanceftomthe ^ upto25 ^ 

feet ts statistically low . (25>000 fee , „ approxjma(e|y , ^ 

T1» OPS data comprtatog „»,,„,, ^ ^ ^ ^ ^ ^ 

transmuted in one of 50 time s l ic es ,„ «, e ^ ^ recejver (6) 

The enure data packet is defined in an Aircraft Transmit Prol0<a ,. (ATP) 

The raaxhnura radiated power required fron, the aircraft is ^ mimA by fc 

received ^ ^»8* at the ^ound hased receive,, ( mm;h like cwren, GSM ra ohi,e 
telephones). 
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A Wide Area Network (WAN), or communication infrastructure sends anti^ollision 
system (ACS) data to a distant master transmitter Figure 4 or control node Figure 3. 
Participating aircraft will use one of50 time slices or channels oflOOmS in which to send 
their positional and other relevant data to ground based receivers, (Figure 2). 
Return data from the ground can be transmitted using similar packet techniques, offset in 
20 time to allow for TDM (Time Division Multiplexing) using a common aerial. 

When two aircraft begin the service on an identical time channel and both are picked up by 
one ground based receiver, the system may flag, using the uplink time slice that relates to 
this particular receiver channel, that reception was unsatisfactory. 
The closest ground based transmitter would indicate that arbitmtion is required by flagging 
25 ^ a t particular channel as currently being used by two (or more) aircraft 



An adaption of the system could allow verification that the channel about to be used is 
clear by examination of the relative time slice from the ground. The probability that two or 
more craft may target the same channel is low but arbitration may still be required. 
This is defined in the ground station transmit protocol. 
5 Channel changing is brought about by employing the aircraft registration, where 
applicable, as a pseudo random seed to reduce the probability of the same aircraft re- 
entering the system on the same channels for a second time. 

Alternatively, the control node can instruct a specific channel change, especially if the craft 
is to be handed on to another ground based transmitter, which must operate on a different 
1 0 frequency to that already in use. 

To prevent a channel change coinciding with a channel already in service, the arbitrating 
aircraft, if landing' on an occupied channel, would reapply the pseudo random seed to 
recalculate another channel. 

Channel occupancy can be determined by referring to the received data from the ground 
1 5 based transmitter, knowing the relationship between a time slice channel from air to 
ground and a time slice channel from ground to air. 

The ground station transmit protocol also includes commands to increase or reduce the 
aircraft transmitter output power. 

The number of ground based receivers is reduced by virtue of the altitude of the aircraft 
20 which will have an almost line of sight communication range with more than one receiver. 
Additionally, the number of ground based master transmitter stations is reduced likewise. 
The consumption of air and ground radio spectrum can be as low as one single 'unicorn' 
channel. 

The control of air to ground transmit power is controlled by the primary ground receiver. 
25 Any receiver that subsequently takes command of a craft becomes the new primary ground 
receiver. 
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— » Power is achieved ove r *. WAN. Such ^ „, jn Ke ftf ^ ^ 
control and channel changing. 

Ground t „ air „ ^ ca „ ^ . ^ „ ^ ^ ^ ^ s te ^ 

radio spec,™ ca, he daived from ^ rf wmujn systems ^ ^ ^ ^ ^ 
^^-»«^l teRM . ^^^^^^^^^^ 
proposed system such as digfta, radio « 48M ^ ^ ^ ^ ^ 

derived by adoption of the service:- 
10 ♦ Fixed obstacle avoidance 

• Airways avoidance 

• Royal flight avoidance 

• Danger area promulgation 

• Ground proximity warnings 

15 For ^oftheATP,afivesecondtimebaseisderivedfromtheGPSmasterclocks 
available from the GPS module and is divided into 50 channels of lOOmS each. 
Within the 100ms channel, a data packet is transmitted which contains the following 
HEADER 1 byte signifying the start of data. 

DEFINITION 1 byte comprising data defining the service this user is participating in. 
20 AIRCRAFT 1 byte coded to reflect the type of aircraft participating. 

CALLSIGN 6 bytes, compressed data encoding up to 8 alpha numerical characters. 

POSITION 4 bytes, compressed data encoding GPS derived longitude and latitude. 

ALTITUDE 1 byte giving altitude in 100 foot units (max = 25,500 feet). 

SPEED l byte giving ground speed from 0 - 255 knots. 
25 HEADING 1 byte encoding 360 degrees into 1.4 degree segments (approximation). 

FROM/TO 5 bytes compressed data encoding ICAO destinations i.e. EGSS= Stanstead. 
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T/PONDER 2 bytes compressed data encoding 4 digit transponder code. 
CHECKSUM 1 or2bytestocheck validity of receded dataat the receiver. 
This comes to 25 bytes of 8 bits each. 

Emptying a sin,* AFSK or FSK serial protocol „ moduIale „ _ ^ ^ 
5 «»d»"*ri» 1 daaprorocoUalread,i„c w „ bjBofdata £g s 

data bits, I « bit, 1 stop bit, 1 „,„„, bit » + , + , + , _ „ bj|s 
25 bytes of 1 1 bits - 275 bits per packet. 

From the lOOroS rime slice , aU„ w , fcead room foe transfer on and off toes 
allowing 90mS in which to send 275 bits. 
10 This eqna.es to 275/0.9 - 3050 bits per see.no, which allows for ,ow CPs, and low 
technology use of 4800 baud data rate from air to ground. 

^^•^HseandMtoeto^,^^^^^ 
artifacts reducing or eliminating interference with airborne systems. 
At* advance, available cheaply by sintpte earaction of design stage* from current 
15 communications technology, can serve ro increase the data twe and thus increase the 
number of aircraft that can be serviced. 

Changes to data composition can be made as necessary. The alpha numeric figures used 
here have been constructed to derive a working data rate within current data rate 
transmission specifications and limitations. 
20 Aircraft Transmit Protocol in detail. (ATP Downlink) 
HEADER 1 byte signifying the start of data. 

This byte contains fixed data signifying the start of a data block. 
DEFINITION 1 byte comprising data defining the service this user is participating in. 
1 bit = Participation or Non Participation 

PARTICIPATION implies that this user can take avoiding action and that 
the system is capable of displaying the necessary text to the pilot. 
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15 



ft *. M. tha. the usee „ ^ of ayojd ^ 

op«ra a o„„ f a pall e, mo ^ tatlonjllordertos .^ tothe8roundstatjon 
that the collision risk has been received. 

sufiBceufly f 0r my avoiding to ta ^ swjft w effMjw 
An, palpating „ r „ on ^ ^ ^ ^ ^ 

the warning. 

The ground baaed siation «, to UDgrade ^ ^ „ fc ^ 
participant infotming the «er of what avoiding action to take. 

An example of a not, participating service could be a baUdon, whfch ls moving in 

the sumtunding body of air and which may not have sufficient power in ifs 

burners, if avaiiable, to effect a satisfactory change of altitude. 

ft is unlike., tha, two or more non participating users would find themselves in a 

risk of coUisioa 

The only example would be a balloon rising into the basket of another balloon 
where the lower balloon cannot see the higher due to the masking effect of the 
envelope. 
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1 bit = Warning acknowledged 

This is received by the ground station and used to log the Airprox. 
1 bit = SMS capable. See Ground Based Transmitter Protocol. 
1 bit = Radio/non Radio. 
1 bit = VFR/TFR flight rules. 

1 bit = Transponder equipped. (availability of separate transponder) 
25 l b,t = 'Mode C* (abllity of the tonsponder t0 add data) 

AIRCRAFT 1 byte coded to reflect the type of aircraft participating. 
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1 bits Aircraft types classed as> 
Fixed wing. 
Rotary wing. 
Microlight. 
Glider or sailplane. 

Balloon. Including airship which could 'participate' 
Royal Flight Which would 'Non Participate' 
Danger area * special case of non-participation 
Obstacle * special case of non-participation 

10 1 bit FORMATION 

This could indicate one of a number of aircraft where visual separation is 
maintained as part of the flight specification and where it is not necessary to 
occupy additional spectrum. 
Red Arrows on display. 
1 5 Battle of Britain memorial Flight. 

Royal Flight. 

Tiger Moth appreciation flight. 
4 bits Special/Military 

These can instruct the ground station to effect a certain airspace restriction 
20 bas ed on the code employed in the bits. 

CALLSIGN 6 bytes, compressed data encoding up to 8 alpha numerical characters. 
Compression formula. 

To allow characters 0-9 requires 1 0 characters 

To allow alphabetical characters requires 26 characters 
To allow a space and '-' symbols requires 2 characters 
Total characters required for any callsign 38 characters 
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38 chants « be defied in only 6 bite, giv.n 8 a action „ „ 

characters including the use of -000000' as a valid character. 
8 charters of 6 bits require 48 bits, which can be tealised in o bytes and 8 bits. 
POSITION 4 bytes, compressed data encoding GPS derived longim* latitllde 
5 Compression formula. 

A position on the earth takes the form of 52° 24" 16'N 

02° 12" 22'E 

As this data is being received on the ground by a base station in 
geographically close proximity to the participating aircraft so some scope 
1 0 for data reduction is possible. 

1 degree of arc represents approximately 60 nautical miles on the earth's 
surface. 

As the maximum range of the aircraft transmitter is 10 miles, a position 
received without the most significant degrees information and limited to the 
1 5 minutes md a* 01 "** will provide a position to within 100 feet 

unambiguously, as the only other position in a northerly or southerly 
direction which would share the least significant part of the position is 60 
nautical miles away. 

The 'N' and * W components can also be discarded. 
20 This le *ves 8 data bytes. In this case 24, 16, 12 and 22. 

These bytes can be compressed into 4 bytes as only 4 bits can represent 0 - 
9. 

ALTITUDE 1 byte giving altitude in 100 foot units, (max = 25,500 feet) 

For metric application, apply 30 metre units giving 7650 metres or 24,862 feet. 
25 SPEED 1 byte giving ground speed from 0 to 255 knots. 
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T*e inclusion of planes excMdjllg 5ulaaa eouid h ^ ^ ^ ^ 

".ulnplier, 2, 3 «c included in a control byte ftom the airctaft. 
HEADING '^coded^Odeg^Ud^^ EncO(|ing 3 60 
degrees into 256 -pseudo degrcea of, .4 -teaT degrcea reduces .he da* 
requirement from 2 bytes to one. 

Any extended track inaccuracies are extremely small over the , sec „ nd . 
system refresh time. 

FROM/TO 5 bytes comprcased data encoding IC AO deatinations i.e. BOSS - 
Stanstead. 
Compression formula 

8 alphabetical characters, 1 of 26, only requue 5 bits to represent any 
character. 

6 characters require 40 bits, which can be expressed in 5 bytes of 8 bits. 
T/PONDER 2 bytes compressed data encoding 4 digit transponder code. 
Compression formula 

A 4 digit transponder code i.e. 7600 (radio failure) requires only 4 bits to 

represent any digit from 0 to 9. Four digits of 4 bits require 16 bits, which 

can be expressed in two bytes of 8 bits. 

Preset to 1234 Conspicuity code. 
CHECKSUM 1 or 2 bytes to check validity of received data at the receiver. 
Absolute validity of the received data is essential. 
For this reason, up to 2 bytes is put aside for either a checksum or cyclic 
redundancy check (CRC). 

Any further additions of data or CRC bytes remain within the specification of 4800 
baud 
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as 

arrive at 



be a 'stand alone' system located as required for specific needs. 
Ac ^ is «oaWAN^ 

the closest geographical base station that is theACS control,, and infonnation transmitter 
Any receivers (Figure 2) able to receive the same user will arbitrate between themselves to 
determine which of these is receiving the strongest signal. 

Data is prepared by the Control ^(Fi^3)u>^^^^ m ^ rtoihe 
0 m^k^M*^*^*^^ Tins feedback reduces any 
interference on the plane, minimising unnecessary data shuffling around the WAN. 
Failure to achieve satisfactory transmitter control within the aircraft will reduce the service 
capability of the local area surrounding the plane as it is intended that a single transmit 
frequency can be used by the entire system in order to reduce the complexity of the overall 
system by eliminating the need to engineer a frequency agile transmitter within the aircraft 
with the attendant technical complexities and increased Mock up and acquisition' times. 
In the simplest form, the ACS control node is a PC based system capable of taking data 
from the WAN and extracting the position, altitude, heading, callsign and speed 
information of each aircraft requiring a 'Participation' or Non Participation' service. 
The ACS System comprises a number of Control Nodes. 

There will be sufficient ACS Control Nodes geographically located to provide a country 

wide ACS service with the minimum of additional infrastructure. 

The ACS Control Node PC will run dedicated software designed to take data from the 

ground based receiver (possibly via the WAN) as well as input from external sources, plus 

the ability to filter data for selective transmission over the WAN, to any destination in the 

country. 
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The pro*™ wiuc^^^,^ flightorcJimb^ordescendingphas* 

htformauon afc,ut the aircraft vaccines are used in order to assess the probabflftv of a risk 

of collision within a time Same of 25 seconds. 

lite round based transmit protocol then informs both aircraft 0 f » e nsk 

TTe round based receiver and the ACS Control Node can receive addition! i„p„, f rom 

extend sources, as well as op^ 0 „ ^ availab|e regardj „ 8 ^ ^ ^ 

the aircraft. 

Additional input can take the foiro of;. 
• Variable inputs. 

These can be Danger Area Promulgation where the area can be activated 
and deactivated by an activity on the site itself. 

e.g. A Gas Venting Station for instance may activate a local danger area up 
to, and during some venting operation where the effects of rising gas or heat 
may cause a risk to light aircraft. 
• Fixed inputs 

These can be towers or masts, which should be avoided. 

Pylons and power cables. 

Employing simple, 3D modelling, the controlling computer can erect 
a solid plane around the pylon and the cables. Pylons closer than a 
detennined distance can be regarded as joined by cables, even if not. 

Surface features. 

As above, hills and mountain data can be input and a safe layer built 
around them. 

Where the area is effectively flat, a 250 foot ground proximity layer 
can be created reducing controlled flight into terrain. 
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For an e ff «iv= Anti-collision Systtm „ op e rate a to rf- ^ ^ 

*ey ACS eooipped o, n«, ftaU integral into *. nanonwide ^ oetworts _ 
be implemented. 

In.egra«i„ nalI „ wdaafromas ^ ificACSco ^ Inodetobesem((ittera ^ 
«n„e a, Dav entty , ^ ^ ^ ^ ^ 

as these are identified from the ACS data. 

Integration allows data from a radar installation to supplement ACS inputs with 
information regarding locally controlled aircraft that may not have ACS fitted. 
Consideramilitaryairbase, which may,in peacetime, and during exercises 
supplement their 'keep out' status with additional information as to the presence of 
fast moving planes which could represent a threat to light aircraft. 
Military installations could either participate in the service by communicating with 
the local ACS control node by telephone line, modem etc, or could employ their 
own local ACS transmitter based on the airfield, or in the training area. 
This military unit may employ the additional bits in the aircraft transmitter protocol 
to inform the ACS control node of the 'keep away' requirement without 
unnecessary radio communication with local traffic, which will be ACS equipped. 
The relative velocities make it hard for either pilot to see the other in time for 
avoiding action to be taken, and fatalities resulting are usually civilian. 
Whilst the ACS system has a necessarily limited range for light aircraft, a military 
input to the ACS control node would extend the military flight line, or define an 
area in which the military traffic is operating, thus a variable danger area can be 
promulgated as required. 

The present of light aircraft traffic is fed back to the military by the ACS control 
node which will flag that: 



-17- 



• The danger area contains one or more light aircraft. 

• Provide the necessary information to the military that can then be made aware 
that the danger area is not yet clear. 

The target light aircraft in the newly defined danger area will be warned by the 
ACS system with an appropriate message "Military exercise area" and by SMS 
(Small Message Service) "Entering MATZ. Contact Wattisham 132.45". 

Additional safety in flight would result from reduced radio traffic as aircraft type, 

destination, flight rules, position and altitude would be available automatically. 

Radio communication would not require passage of data already presented by the 

ACS. 

Less radio traffic would increase flight safety due to the reduction of traffic that 
could be misunderstood. 

The ground based system which includes the entire network of control nodes could 
receive 'requests for information' from a local airfield, which may be operating 
from a small grass strip. 

It is appreciated that military participation may not extend to exercises where 
aircraft capabilities in terms of top speed, rate of climb etc can be derived from 
ACS interrogation, and thus breach national security. 
Data from the ACS control node provides the necessary information on ACS 
equipped aircraft and supplementary information from WAN connected radar 
services, to the airfield which, running a smaller version of the PC based program 
employed by the ACS control node, will provide a local area '3D radar display' for 
that airfield. 

Small 'AG' air/ground 'discretionary' airfields could alternately operate a ACS 
receiver connected to a PC running software to display, in 3D if necessary, all ACS 
only aircraft in the area. 
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height have resulted in fatalities. 

Additional fatalities have occurred where pilots have become uncertain of their absolute 
position, although they are most certainly not 'lost'. 
This situation results in what is called "controlled flight into terrain". 
) An ACS control node would be aware of an aircraft's position and altitude using the GPS 
data from that aircraft. 

Any proximity to an object in the foreseeable flight path will be relayed to the pilot who 

will be given more of a chance to take corrective action. 

Cranes and other temporary high structures can also be input to the system. 

In the case of fixed obstacles and high ground. Data will be fixed and built into the ACS 

system map as part ofthe cells "local area knowledge base". 

Temporary structures such as tower cranes can easily be equipped with a ACS "aircraft- 
transmitter with data being coded to represent a non participating service, a "callsign" 
which can follow an agreed format to indicate a temperature structure with additional data 
to include the height ofthe obstacle and the necessary 'keep out' zone. 

The callsign format of 8 characters allows for worldwide and internationally agreed 
obstacle callsign codes over and above the complete range of callsigns with their national 
prefixes. 

The ground based transmit protocol informs both aircraft of a risk using one or more ofthe 
following methods. 
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1) Display a pre-programmed text message based on the most likely collision 
directions. 

"Nothing known to conflict" 
"Look Out" + "Ahead" 

"Right" 

"Left" 



"Behind" 



(physically difficult but a valid 
condition) 



target risk, i.e. 



(including Airship) 



Additional risks 



"Below" 
"Above" 
"Fixed wing" 
"Rotary wing" 
"Microlight" 
"Balloon" 
"Royal flight" 
"Flight information" 
"Danger area" 
"Obstacle" (tower, mast etc) 

"High ground" 
Ground proximity" 

"Airways" (also controlled airspace) 

"Military exercise area" 
"Local weather" (fog, snow etc) 
2) Display a message conveyed using SMS. 

A service bit is available in the aircraft transmit protocol to inform the ACS 

controller that the user is SMS equipped. 
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Such a message could read "Contact Wattisham 132.45" 

Tle-eswc^daekuotvledgeseeelptusiugfte^^^^.^^ 

au-craa t^mi, pro^, as would be used to ackuowledge a collision 
warning. 

S ^^^^^^^^^^^^^ 
reduce the radio footprint. 

Additiona. data is ——Mad to the aircraft to inform the m M ACS ^ (o ^ 

toanotherftequencv as i, becomes necessary or as the auotai, navigates closer to a ce„ 
which has greater signal strength. 

0 ™ sd *awoulda,^ 

ACS cell. This feature would reduc the probability of a channel arbitration cycle and the 
few seconds of loss of protection whilst arbitration takes place. 
HEADER 1 byte signifying the start of data. 

This byte contains fixed data signifying that start of a data block. 
DEFINITION 1 byte comprising data defining the data that is to follow. 

4 bits = Message number. (Preset messages to be displayed) 

1 bit = SMS data available (If system is equipped to read SMS) 
CALLSICN 6 bytes, compressed data encoding up to 8 alpha numerical characters. 

Compression formula. 

To allow characters 0 to 9 requires 10 characters 

To allow alphabetical characters requires 26 characters 
To allow a space and symbol requires 2 characters 
Total characters required for any callsign 38 characters 

38 characters can be defined in only 6 bits, giving a maximum definition of 64 

characters including the use of '000000' as a valid character. 

8 characters of 6 bits require 48 bits, which can be realised in 6 bytes of 8 bits. 
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The callsign is used to confirm that the data is for this user. 
COMMAND 2 bytes comprising data defining system instructions 
1 byte of channel data 

2 bits comprising coded instruction to 00 do nothing 

01 change time slice 

1 0 change receive channel 

1 1 change time slice and 
receive channels 

6 bits comprising a time slice number from 1 to 50 

6 bits can represent a number up to 64 (including 0) 
values above 50 can take special meaning: 

5 1 means "No service, maintain your own lookout" 

52 means "Service will terminate shortly" 

53 means increase TX power, 
etc. 

Additional values to mean other things as required, to a 

maximum of 64. 
1 byte of receiver channel data 

4 bits encoding receiver frequency used to receive data from a ground based 
LA ACS controller. Expandable to 16 channels in this case. 
4 bits unidentified. 

EXTENDED 1 8 bytes for either a local text message for the user, where SMS may not be 

available, or fiiture expansion of the ACS system. 
CHECKSUM 1 or 2 bytes to check validity of received data at the receiver. 
Absolute validity of the received data is essential. 
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For this reason up to 2 bytes is put aside for either a checksum or cyclic redundancy 
check. 

Any additional data or CRC bytes will not exceed the specification of 4800 baud. 
This ground based transmit protocol comes to 25 bytes of 8 bits each. 
5 Employing a simple AFSK or FSK serial protocol to modulate the transmitter, and using 

standard serial data protocols already in common usage requires 1 1 bits of data being 

8 data bits, 1 start bit, 1 stop bit, 1 parity bit 8+1 + 1 + 1 = 11 bits. 
25 bytes of 1 1 bits = 275 bits per packet 

The data rate for the uplink and downlink paths are identical allowing low cost 4800 baud 
10 data rates. 

The ground based transmitter is radiating continually hence there is no requirement to 
allow for transmitter on and off times, thus easing the requirement of the aircraft decoder 
design. 

The actual data rate approaches 3000 baud which still allows for low cost and low 
1 5 technology use of 4800 baud data rate from ground to air. 

The uplink data relating to a specific time slice channel, used to receive data from the 

aircraft, can be transmitted some time after the data is received. 

This allows the TX/RX time division multiplexing technique to ensure that it will not be 

transmitting during a time when data should be received from the ground. 
20 Allowance is made for the receiver to switch from completely muted in transmit mode, to 

fully sensitive within very few mS. 

Any delays caused by the WAN will cause the relevant data to be held until the correct 
time slice is available for the uplink. 
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In the case of a 5 second tiraebase as suggested here, responding to a particular aircraft 
after 4 seconds allows for many times more than the expected processing delay over a 
WAN as can be experienced over a GSM telephone conversation for instance. 
Any advance, available cheaply by simple extraction of design stages from current 
5 technology, can serve to increase the data rate and thus increase the number of aircraft that 
can be serviced. 

The ACS system as described could employ current GSM fixed point services to provide 
geographic locations for discrete ACS receivers and ACS transmitters. 
Communications infrastructures already exist and operate well with a considerably higher 
10 volume of data traffic than is likely with the introduction of relatively few and relatively 
slow data rates from and to the ACS system. (Averaging 4800 baud duplex). 
Any wide area network could easily handle additional 4800 baud data rates, modulated to 
slot into current data transfer protocols. 

Point of presence is available from most Internet Service Providers, and many 
1 5 organisations have internal WAN systems in place. 
The national radar service is one such network. 

Input to and data from the ACS system can be disseminated to fixed locations using 
current infrastructure. 

Airborne data from aircraft is available from GPS receiver modules providing NMEA data, 
20 which encodes time, position and altitude. 

The processing to determine velocity and heading is available in GPS receiver units which 
have been so designed to extrapolate this information for the user. 
Additional data that the user of an airborne ACS system can input will be by keypad and 
LCD, both of which appear on most GPS navigation systems. 
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This data would be the aircraft's callsign, ICAO information in the form of from and to 
data. Transponder codes which can be input by the user if required, or extracted from the 
aircraft's transponder unit. 

Transponders can take external data from a separate pressure module to provide altitude 
5 data within the transponder data format. This is defined as "Mode Charlie" in aviation 
circles. 

The ACS system can supplement non-mode charlie transponders with altitude information 
gleaned from GPS data which is historically more accurate than pressure sensing 
transponder units. 

1 0 Data available to regional air traffic control centres can be sent to an ACS control node to 
supplement the ACS system with information and traffic from sources that may not be 
ACS equipped, but are under radar coverage or control. 

Military traffic control systems can add ACS data to their own radar display systems 
reduce the airprox hazards between military and civilian flights. 
1 5 The ACS system has been designed with the weight of complexity and computational 
power located on the ground 

The aircraft system can be manufactured within a unit as small as a mobile phone. Such a 
small unit need not be installed within the aircraft on a permanent basis reducing the cost 
of installation to the user. 
20 The airborne ACS system comprises a GPS receiver module and the necessary 

computational power, as already exists in such units, to perform the extrapolation of 
velocity and heading. 

The transmitter module can employ data transmission methods as already used in digital 
telephones with data interfaces. 
25 The GPS aerial, which may already be present on some aircraft, can be either added to, or 
connected directly, field strength losses permitting. 
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This aerial is generally above the aircraft for a clear view of the sky. 
The downlink transmitter aerial, which is only powered for lOOmS every 5 seconds, in this 
case, provides minimal system disturbance to any other belly mounted aerial systems. 
Provision for a 5mS rise and fall time for the transmitter will reduce radiated spurious 
emissions considerably. 

The belly mounted aerial is an omni directional device, downward facing with a sideways 
profile that restricts the 'view' of the horizon as ground based receivers are stationed at 
relatively high angle i.e. predominantly downwards but not necessarily on the horizon. 
The interface used to connect the receiver and the transmitter is handling slow speed digital 
data at a maximum data rate of 4800 baud in real time. 



-26- 



CLAIMS 

1 . An anti-collision system comprising a ground position receiver operatively 
connected to a transmitter and adapted to output a first signal indicative of position, 
a receiver module adapted to receive said first signal and process the same and 
output a second signal indicative of position indicated by said first signal, 
characterised by the provision of means whereby ground based features input into 
said means are compared with and if necessary added to said position indicated by 
said first signal. 

2. An anti-collision system according to claim 1 positioned in an aeroplane, ship or 
un-manned craft. 

3. An anti-collision system according to claim 1 carried by person piloting a machine 
such as a microlight, hang-glider, balloon or dirigible. 

4. An anti-collision system according to any preceding claim wherein said first signal 
is transmitted using Time Division Multiplexing. 

5. An anti-collision system according to any preceding claim wherein the transmitter 
module includes arbitration means including frequency agility. 

6. An anti-collision system according to any preceding claim wherein the first signal 
output from said ground based transmitter to said aircraft is selected from at least 
one of the following:- 

a) conflicting air traffic, 

b) fixed obstacle avoidance, 

c) temporary obstacle avoidance, 

d) airways avoidance, 

e) airspace avoidance, 

f) royal flight avoidance, 

g) danger area promulgation, 
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h) ground proximity warnings. 
An anti-collision system according to any preceding claim including a visual 
display or voice text messaging means. 

An anti-collision system according to any preceding claim including means 
indicative of likely trajectory. 

An anti-collision system according to claim I and substantially as hereinbefore 
forth with a reference to, and/or as illustrated in, any one of the accompanying 
drawings. 
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